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ABSTRACT

Within the Mediterranean-climate region of California and adjacent regions, invasive plants are largely concentrated in the lower-
elevation valleys and foothills. Fire has historically been an important part of the ecology of many of these ecosystems; however,
anthropogenic disruptions of natural fire regimes have contributed to the widespread invasion of certain communities. Throughout the
Coast Ranges and foothills of the Sierra Nevada and Cascades, high fire frequency has contributed to the type-conversion of shrublands
and closed woodlands to annual grasslands dominated by alien grasses and forbs of Mediterranean Basin origin. Returning these
landscapes to their former closed-canopy state is the only likely means of reducing the presence of nonnatives. Valleys and other sites
with deeper clay soils, which formerly were perennial grasslands, also have been type-converted to nonnative annual grasslands by
intensive grazing and plowing. There is evidence that spring burning may be an appropriate management tactic for shifting the balance
away from the annual alien grasses towards increased native cover, but only on sites with an existing perennial bunchgrass presence.
This tactic, however, may not be an appropriate community restoration technique because it inhibits native annuals as well. Currently,
the vast majority of grasslands in the state lack native bunchgrass, and on these sites different burning prescriptions may alter species
composition; however, there is no convincing demonstration that fire alone is an effective technique for diminishing the dominance by
nonnative annuals. Prescription burning is increasingly used to control invasion of particularly noxious weeds that are typically targeted
because they alter the functioning of ecosystems, e.g., making rangelands unpalatable to livestock or wildlife. Such use of prescription
burning may enhance resource benefits for some stakeholders, but generally burning of annual grasslands does not greatly alter the
native to nonnative composition, unless accompanied by active native plant restoration.

Several aspects of current fire management practice may contribute to the increase in alien plants. Limited success in fire prevention
is 1 key element because increasing population density has continued to add fire on the landscape, and this has contributed to continued
type-conversion from native woody vegetation to nonnative herbaceous associations. Pre-fire fuel manipulations may likewise contribute
to this trend; for example, use of prescription burning on sites that currently have higher than natural fire frequencies potentially favors
aliens. Also, fuel breaks may act as invasive highways carrying alien species into uninfested wildland areas. Following fire, the reduced
fuels in fuel breaks contribute to enhanced survivorship of alien seed banks, resulting in source populations poised for invasion of
adjacent burned sites. Post-fire site ‘‘rehabilitation’’ is responsible for widespread introduction of alien species at a time when elevated
soil nutrients may favor aliens over natives. Of most concern is the potential for these aliens to alter fuels in a way that increases fire
frequency, which further increases expansion of aliens.
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INTRODUCTION

The Mediterranean-climate region of North Amer-
ica is commonly delineated as the area to the west of
the Great Basin, and the Mojave and Colorado deserts,
running from southern Oregon to northern Baja Cali-
fornia. Botanically this region is known as the Cali-
fornia Floristic Province and comprises a vascular
plant flora in excess of 4,400 species, nearly half of
which are endemic (Raven and Axelrod 1978). Within
this region approximately 25% of the plant species are
nonnative (Rundel 2000), which is higher than the pro-
portion for California as a whole (Hickman 1993).
Nonnative plants are considered those species not pres-
ent prior to the European colonization, which began in
earnest during the late 18th century. In the literature
they have been variously termed non-indigenous, ex-
otics, aliens, adventives, invasives, naturalized, envi-

ronmental weeds, residents, and new-natives. They in-
clude many widespread firmly established species
maintaining persistent populations as well as recent in-
troductions of localized occurrence. Over the last 150
years the exponential increase in exotic plants has par-
alleled the increase in human population growth in
California (Randall et al. 1998). Here I review the role
that fire has played in the establishment and spread of
these invasive plants within the California Floristic
Province and consider the extent to which current fire
management practices enhance or inhibit their spread.

INVASIVE DISTRIBUTION

The California Floristic Province comprises a to-
pographically heterogeneous region with a great di-
versity of vegetation types and high b-diversity (Rich-
erson and Lum 1980, Cody 1986). Alien species are
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Fig. 1. Alien plant species richness (a) and cover (b) of alien
vascular plants in Sequoia-Kings Canyon national parks in the
southern Sierra Nevada Mountains, California (J.E. Keeley, D.
Lubin, and C.J. Fotheringham, unpublished data from 1999 to
2000).

not randomly distributed across this region. Only 20%
are distributed throughout the California Floristic
Province and 33% are restricted to just a few of the
35 geographic subdivisions as defined in the Jepson
Manual (Randall et al. 1998). Elevationally, exotics are
clearly more dominant, both in numbers of species
(Figure 1a) and dominance (Figure 1b) at lower ele-
vations. This pattern has been noted (e.g., Mooney et
al. 1986, Schwartz et al. 1996, Randall et al. 1998),
but limited attention has been given to the factors in-
fluencing this relationship. Along this gradient (Figure
1), covariates with increasing elevation include greater
dominance by woody vegetation and consequent de-
crease in light levels at the soil surface, reduced grow-
ing season, decrease in the potential propagule source,
and decrease in the frequency and intensity of past and
present human disturbance.

Past and present human activities may explain
some of this elevational pattern (Figure 1). The ma-
jority of invasive species in California have their ori-
gins in the Mediterranean Basin, including southern
Europe, North Africa, and Eurasia (Shmida 1981, Bak-
er 1989, Fox 1990, Reichard 1997), where they poten-
tially have been in association with anthropogenically
altered landscapes through a significant portion of the

Holocene (Baker 1974, Pignatii 1983, Stevenson 1985,
Naveh and Kutiel 1986, Trabaud and Casal 1989, Le
Floc’h et al. 1990, Atherden and Hall 1999, Magri and
Sadori 1999). Valleys and foothills in the Old World
have had the longest history of intensive land use and
present the greatest opportunity for co-evolution with
human-perturbed landscapes (e.g., evolutionary pat-
terns in annual species of Bromus discussed by Sales
1994). In California, these valley and foothill habitats
were also those most immediately and thoroughly ex-
ploited by Europeans, creating favorable sites for the
establishment of exotics pre-adapted to such disturbed
landscapes.

Anthropogenic landscapes commonly have under-
gone conversion from closed-canopy woody vegeta-
tion to open herbaceous associations. In the Mediter-
ranean Basin such agro-pastoral environments are
dominated by annual species, often with extraordinary
levels of diversity. For example, undisturbed matorral
in the eastern Mediterranean Basin typically have 40–
50 species/0.1 ha, whereas degraded shrublands, cre-
ated and maintained by burning and grazing, have di-
versity levels 2 to 3 times higher, largely from native
annual grasses and forbs (Naveh and Whittaker 1979).
A similar agro-pastoral history and biodiversity pat-
terns are evident in the western part of the basin as
well (Verdú et al. 2000). Thus, it is not surprising that
undisturbed closed-canopy shrublands in California
are relatively immune to serious plant invasion (Knops
et al. 1995, Stromberg and Griffin 1996, Allen 1999;
but compare D’Antonio and Mahall 1991). On the oth-
er hand, disturbed landscapes in California are readily
invaded by Mediterranean annuals, which comprise
nearly 60% of the California alien flora (Raven 1977).
Even the woody invasive elements in California (e.g.,
Cytisus, Genista, and Ulex) are disturbance-dependent
heliophylic taxa, in both California and their native
region, the Mediterranean Basin (Bossard et al. 2000,
Valderrábano and Torrano 2000).

FIRE AS A HISTORICAL FACTOR IN
THE INVASION PROCESS

Some of the most widespread nonnative grasses
and forbs began the invasion process from propagules
left by Cortez and other explorers who first visited the
California coastline during the 16th century (Hendry
1934). These species encountered an environment con-
ducive to rapid spread because of the climatic similar-
ity between coastal California and the Mediterranean
Basin (Blumler 1984). Although the Mission Period
began in 1769, it was not until a decade later that the
livestock industry made the California missions eco-
nomically independent (Burcham 1957). Livestock
brought overland from Mexico likely contributed to
the introduction of new invasives and certainly played
an important role in promoting the establishment and
spread of invasives. It is widely accepted that over-
stocking of native prairies, coupled with drought,
caused the widespread replacement of perennial
bunchgrasses with exotic annuals (Heady 1977, Heady
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Fig. 2. Vegetation mosaic in the coastal ranges of California
(photo by J.E. Keeley).

et al. 1992), a model most applicable to the Sacra-
mento Valley and northern California. There are, how-
ever, many remnants of native bunchgrass prairie that
have survived grazing; on some sites, plowing seems
to have been the primary determinant as to whether or
not these native grasses survived (Kellogg and Kellogg
1990, Stromberg and Griffin 1996).

Alternatively, invasion of native perennial grass-
lands may have been an inevitable feature of history
because climatic changes since the end of Pleistocene
have favored annuals (Raven and Axelrod 1978). The
California flora is poor in native annual grasses, and
all seem to be weak competitors against European an-
nuals. Relative to this are the observations by Veblen
(1975) of the remarkable similarity in alien weed floras
between California and the highlands of Guatamala.
He hypothesized that less severe drought in the latter
region was an important factor preventing displace-
ment of their native bunchgrass association. The con-
tinued persistence of bunchgrasses in the Palouse Prai-
rie of the less arid eastern Washington, despite a long
history of intensive grazing, would seem to support
this hypothesis. Thus, the increasing aridity of the Ho-
locene could stand as one of the more important fac-
tors driving the massive invasion of annual grasses and
forbs in the California Floristic Province, and in par-
ticular the displacement of the native bunchgrass prai-
rie.

Fire may have been an important factor in the ear-
ly invasion process as the Native American popula-
tions along the coast apparently utilized fire to type-
convert less productive shrublands to herbaceous as-
sociations (Knowles 1953, Bean and Lawton 1973,
Lewis 1973, Timbrook et al. 1982). The exceptionally
high density of Native Americans had the potential
(and the motive) to type-convert a significant portion
of the shrublands (J.E. Keeley, unpublished). Conse-
quently, the European plant invaders likely arrived
upon a disturbed shrubland landscape in which the
competitive balance already had shifted towards the
annual habit. This would have contributed to the ex-
traordinary rapidity with which European weeds
spread across the California landscape during the early
19th century (Frenkel 1970).

There is evidence that throughout the coastal rang-
es of central and southern California much of the ex-
otic annual grassland association derives from fire-in-
duced type conversion of shrublands (Cooper 1922,
Wells 1962, Huenneke 1989, Keeley 1990, Hamilton
1997). European settlers continued this process initi-
ated by Indians and, as the pressure for rangeland in-
creased, Americans applied this practice on an even
greater scale (Brown and Show 1944). This process of
type-converting native shrubland to exotic weed fields
(Figure 2) was formalized during the 1940s with the
issuance by the California Division of Forestry of
burning permits for rangeland improvement of chap-
arral (California Division of Forestry 1978, Heady and
Pitt 1979).

Alien annuals also dominate many sites that orig-
inally were neither native grassland nor native shrub-
land, but rather native annual associations, e.g., the

interior Coast Ranges and the San Joaquin Valley
(Hoover 1936, Wester 1981, Schiffman 2000).

Distinguishing between these alternative origins is
critical to successful restoration of alien-dominated an-
nual grasslands (Keeley 1993). Today, grasslands cov-
er 3.4 million ha in California, the vast majority of
which are dominated by nonnative annual grasses and
forbs (Jones & Stokes Associates 1987). Many of the
grasses—e.g., Avena fatua, A. barbata, Bromus mad-
ritensis, B. diandrus, B. hordeaceous—and forbs—
e.g., Erodium cicutarium and Brassica nigra—are so
widespread, there is little likelihood of eliminating
them from the flora (Heady 1977). These exotic grass-
land associations are often considered to represent a
new stable equilibrium association (Heady et al. 1992);
however, they are also the sites of greatest vulnerabil-
ity to newly introduced exotics (Bossard et al. 2000).

FIRE MANAGEMENT AND THE
INVASION PROCESS

The invasion process is affected by: (1) the extent
to which fires and fire management practices encour-
age the further establishment and spread of alien spe-
cies, and (2) the degree to which such practices inhibit
or even reverse the process. In addressing these ques-
tions it needs to be acknowledged that the database
comprises many case studies that are pseudo-replicated
at best; thus, an unknown level of error is associated
with these generalizations.

Direct Fire Effects

The California Floristic Province is dominated by
landscapes with very different anthropogenic influenc-
es on fire regimes. In the higher-elevation coniferous
forests, fires have become less frequent, whereas in the
valleys and foothills fire frequency has increased over
the frequency naturally experienced by these ecosys-
tems.

In the montane coniferous forests, fire suppression
during most of the last century has been highly suc-
cessful in bringing about the near total exclusion of
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Fig. 3. Alien plant cover (as percentage of understory cover)
for yellow pine forests in Sequoia and Kings Canyon national
parks, in stands unburned for more than 30 years (Unburned),
burned within the past several years in low intensity fires (Low),
or high intensity fires (High). (From J.E. Keeley, D. Lubin, and
C.J. Fotheringham, unpublished data from 1999 to 2000.)

Fig. 4. Relative frequency of fires larger than 40 ha in southern
California counties during most of the 20th century. (Data from
the California Department of Forestry, Fire and Resource As-
sessment Program, Sacramento, CA.)

fire from the bulk of the landscape (Skinner and Chang
1996, Stephenson 1999). Two factors account for this
pattern: (1) understory fuel characteristics promote
low-intensity surface fires, which make fires more trac-
table to suppression; and, (2) lightning, which is the
primary source of ignition, generally occurs during
conditions that favors suppression. Today an unnatu-
rally large portion of the montane landscape has re-
mained unburned for a century or more. This has like-
ly inhibited alien plant invasion because closed-canopy
forests are not generally favorable sites for invasive
plants (Rejmánek 1989). Reintroduction of fire is like-
ly to promote the establishment of alien species, par-
ticularly in gaps resulting from patches of high fire
intensity (Figure 3). While gap formation is a natural
and necessary feature of these forests, the long hiatus
of burning due to fire suppression has put much of this
landscape on a new trajectory leading toward high-
intensity crown fires and massive landscape scale gaps
(Keeley and Stephenson 2000). Changes in landscape
patterns of burning may greatly affect the invasion
process by altering the amount of perimeter area con-
tributing to alien colonization (Turner et al. 1997).

In contrast to montane forests, foothill shrublands
and woodlands in the coastal ranges of southern and
central California have had an extraordinary increase
in fire frequency during the 20th century (Keeley et
al. 1999, Keeley and Fotheringham in press), directly
paralleling the increase in population (Figure 4). This
increased fire frequency has very likely favored inva-
sion by nonnative plants.

On the surface it may seem counter-intuitive that
fire would make fire-prone chaparral more susceptible
to invasion, but plant species evolve not in association
with fire per se, but with a particular fire regime. When
the natural fire regime is altered, even highly fire-
adapted plant communities may be vulnerable to alien
competition. Plant life histories are often fine-tuned to
a particular regime of fire frequency, intensity and sea-
sonal distribution (Keeley 1986). For example, in
chaparral many shrub species lack vegetative regen-
eration and recruit strictly from seedlings after fires at
multi-decadal intervals, but are extirpated when fires
occur more than once or twice per decade (Zedler
1995, Fabritius and Davis 2000, Keeley 2000). Even
facultatively seeding species, such as the widespread
chamise (Adenostoma fasciculatum), suffer in the face
of frequent fires (Haidinger and Keeley 1993). Repeat
fires close together in time deplete the chamise re-
sprout population as well as the seedling population
(Figure 5). Chaparral has a rich annual flora that
spends most of its existence as a dormant soil seed
bank until germination is triggered by fire (Keeley
2000). Some are specialized to the first post-fire year
and others are more opportunistic, but most remain as
dormant seed banks when the shrub canopy reestab-
lishes. Despite being disturbance dependent, these na-
tive annual forbs are quickly replaced by nonnative
annual grasses and forbs under high fire frequency.

In summary, herbaceous growth forms, annuals in
particular, are resilient to higher fire frequencies than
woody growth forms (Sampson 1944, Wells 1962) and
nonnative annuals are more resilient to higher distur-
bance frequencies than native annuals. Intact shrub-
lands are largely devoid of nonnative species (Knops
et al. 1995, Stromberg and Griffin 1996, Allen 1999).
Reasons for this include the fact that the closed canopy
makes for very limited seedling recruitment opportu-
nities (DeSimone and Zedler 1999, Keeley 2000). In-
deed, this may generally be a factor reducing the in-
vasibility of closed-canopy vegetation (Rejmánek
1989). Most chaparral species recruit during a very
narrow window of time following fire. Invasion re-
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Fig. 5. Percentage ground surface covered by the dominant
native shrub Adenostoma fasciculatum, the native subshrub Sal-
via mellifera, the native suffrutescent Lotus scoparius, the non-
native grass Bromus madritensis, and the nonnative forb Bras-
sica nigra in a control plot unburned for .30 years (Con), and
adjacent sites burned 1 year; 1 and 6 years; 1, 4, and 6 years
prior to study (from Haidinger and Keeley 1993).

Fig. 6. Invasive plant species cover (percentage ground sur-
face covered) relative to the shrub and subshrub cover 5 years
after wildfire at 88 sites distributed across southern California
(J.E. Keeley, M.B. Keeley, and C.J. Fotheringham, unpublished
data from 1993 to 1998).

Fig. 7. Alien species richness (a) and dry biomass (b) in south-
ern California coastal sage scrub burned 0, 1, 2, 3, or 4 times
during 12 years (from Giessow and Zedler 1997).

quires a source of propagules precisely timed to the
post-fire conditions. When exotic propagules are pres-
ent at the time of fire their populations may expand
(Zedler and Scheid 1988). As fire frequency increases,
the canopy thins out and the sites available for non-
natives increases (Figure 5). Thus, following fire, the
extent of invasive plant success is closely linked to the
rate of native shrub recovery (Figure 6). As fire fre-
quency increases, exotics become more important in
terms of species richness (Figure 7a) and dominance
(Figure 7b). If fire is combined with grazing the pat-
tern is exacerbated towards even greater alien invasion
(Murphy and Leonard 1974).

Increased fire frequency coincident with urban ex-
pansion in most of the foothills and valleys of Cali-
fornia (Keeley et al. 1999, Keeley and Fotheringham
2001) carries with it the propensity for type-conver-
sion of shrublands to herbaceous communities domi-
nated by nonnative annual grasses and forbs. Herba-
ceous communities due to anthropogenic burning
(Cooper 1922, Wells 1962) have long dominated some
landscapes that would naturally support woody vege-
tation. As discussed earlier, Indians may have played
a role in type converting these woody associations to
herbaceous vegetation. Mexican and American settlers
continued intensive land use with fire and livestock
grazing, but in recent decades grazing has been elim-
inated and anthropogenic fires reduced so that now
woody vegetation is reestablishing (McBride 1974,
Hobbs and Mooney 1986, Freudenberger et al. 1987).
Along with the native shrubs we find European shrubs
such as Cytisus scoparius, Genista monspessulana,
and Ulex europaea colonizing these formerly disturbed
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Fig. 8. Fire temperature (8C) reached under different combi-
nations of shrubs (heavy fuels), shrubs 1 grasses (moderate
fuels) or grasses (light fuels; redrawn from Smith and Sparling
1966).

Fig. 9. Schematic diagram of how rate of fire ignitions in chap-
arral affects and alien invasion and how alien invasions affect
fuel loads that increase the changes of fire frequencies favorable
to further invasion.

sites (Bossard et al. 2000), in a manner similar to the
recolonization of abandoned pastures and other de-
graded shrublands, in Spain and adjacent countries
(Debussche et al. 1980, Fernández-Santos et al. 1999).
Exotic shrub colonization of grasslands may decrease
the incidence of fires (D’Antonio 2000) but invariably
the enhanced fuel loads may exacerbate the fire hazard
situation (Bossard et al. 2000, Valderrábano and Tor-
rano 2000).

Fire, Invasives, and Niche Construction

Organisms often modify their environment in
ways that may ultimately enhance their success, a pro-
cess termed niche construction (Odling-Smee et al.
1996). Increasing flammability of stems and leaves is
one means of niche construction whereby fire-depen-
dent species are proposed to have characteristics se-
lected for their propensity to ignite and carry fire
(Mutch 1970, Bond and Midgley 1995, Keeley and
Bond 1999, Kerr et al. 1999). Alien grasses that invade
woody associations often have characteristics that alter
the fire regime in ways that favor aliens over the in-
digenous vegetation (D’Antonio and Vitousek 1992).
It is possible the fire-enhancing characteristics of Cal-
ifornia’s alien grasses were selected as a means of fur-
thering the success of these annuals since they origi-
nated in fire-prone habitats of the Mediterranean Basin
(Baker 1974, Naveh 1975). Regardless of the selective
basis, in their new setting these alien annuals succeed
in part because of their propensity to shift the fire re-
gime away from one that favors shrub reestablishment
to one that favors further annual establishment.

The phenomenon of niche construction and alter-
ation of disturbance regimes to favor invasive species
is apparently quite wide spread (D’Antonio and Vitou-
sek 1992, Mack and D’Antonio 1998), although sys-
tems differ significantly in the mechanism of alien-
altered fire regimes. In the well-studied Hawaiian eco-
systems, fire-prone grasses invade mesic forests and
increase both fire frequency and fire intensity, which

directly favors their establishment over the native for-
est (D’Antonio 2000). A similar positive feedback is
observed with the colonization of Mediterranean Basin
woodlands by a native bunchgrass that favors repeat
fires and maintains a fuel structure that inhibits sur-
vivorship of tree seedlings (Vilá et al. 2001). In con-
trast, in fire-prone shrublands, annual grass invasion
shifts the fire regime towards one of lower-intensity
fires (Figure 8), and this has profound impacts on alien
persistence (Figure 9). Not only do alien annuals in-
crease fire frequency, which in turn reduces shrub
dominance, but as annual dominance increases, fire in-
tensity declines, which enhances the survivorship of
alien propagules. In general, it appears that the factors
determining how invasive grasses affect natural eco-
systems are tied to growth form of the invasive (i.e.,
annual vs. perennial bunchgrass) and fuel characteris-
tics of the native ligneous vegetation.

The Chaparral Model

California chaparral is resilient to alien plant in-
vasions (Knops et al. 1995, Stromberg and Griffin
1996, Allen 1999), even with close proximity to sourc-
es of alien propagules (Figure 9). Although aliens are
favored by most disturbances, chaparral fires are typ-
ically of high intensity (Borchert and Odion 1995) and
the large seeds of most alien species do not survive.
Colonization of burned shrublands occurs when alien
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seed sources are nearby—e.g., roadways, fuel breaks,
adjacent grasslands, etc. (Haidinger and Keeley 1993,
Rundel 2000)—however, persistence depends upon the
timing of subsequent fires. If a source of ignition, co-
incident with suitable burning conditions, does not oc-
cur for 2 or more decades, the site will return to a
closed canopy of largely native-dominated chaparral
(Keeley 2000). This course will vary depending on site
factors, such as substrate characteristics, annual pre-
cipitation, atmospheric nitrogen deposition, and other
disturbances.

Alien annuals, however, have characteristics that
contribute to increasing the frequency of fires. Nor-
mally, California shrublands do not possess sufficient
litter or herbaceous plant matter to carry a surface fire
and thus fires are carried through the crowns of closely
spaced shrubs. Except under severe weather condi-
tions, canopy fuels fail to carry fire until the shrubland
canopy closes—in approximately 15–20 years (Keeley
and Fotheringham in press). If alien grasses and forbs
establish on recently burned sites, they potentially can
alter the fire regime by increasing the probability that
ignitions will successfully combust and spread before
canopy closure eliminates them from the site. Being
herbaceous, the leaves and stalks dry rapidly under
even brief periods of low humidity. This, coupled with
their high surface:volume ratio, makes them highly
combustible (Rundel 1981). These annuals constitute
a different functional type in shrublands, one that car-
ries fire along the surface, allowing fires to be spread
from shrub to shrub before the age at which the fires
would normally spread from shrub canopy to canopy.
In addition, these grasses often grow under the shrub
canopy, thus acting as ladder fuels that bring the fire
into the canopy of otherwise isolated shrubs. Being of
European origin, these aliens have a phenological cy-
cle that is quite unlike most California chaparral an-
nuals in that they germinate during the fall and usually
dry by mid-spring, well before many of the native an-
nuals, thus increasing the length of the annual fire sea-
son.

Fires at intervals of every few years decimate
woody plants by extirpating native obligate seeding
shrub species, which require a decade or more to re-
plenish soil seed banks (Keeley 2000). Also, fires at
this frequency maintain the system at a lower fuel load
and the lower fire intensity (Figure 8), enhances sur-
vivorship of alien seed banks (J.E. Keeley, personal
observations; S. Davis, Pepperdine University, person-
al communication). In summary, aliens established in
degraded shrublands increase the probability of repeat
fires and ultimately increase the probability of propa-
gules surviving repeat fires (Figure 9). Continued sub-
sidies of the natural fire regime will lead to complete
type conversion from shrubland to grassland (Minnich
and Dezzani 1998).

Rangeland managers have long understood this
process and have used artificial seeding of annual
grasses as a means of producing fuels sufficient to car-
ry repeat fires for the purpose of rangeland improve-
ment of chaparral (Sampson 1944, Burcham 1957,
Biswell 1989). Sometimes, however, the effect has

been inadvertent, and accelerated fire frequencies have
resulted from management practices that had other in-
tentions. For example, post-fire seeding of exotic
grasses for the purpose of reducing soil erosion can
cause an acceleration of the normal fire return interval
with the consequent decimation of native shrubs (Zed-
ler et al. 1983, Nadkarni and Odion 1986, Giessow
and Zedler 1997, Minnich and Dezzani 1998).

Atmospheric deposition of nitrogen has been sug-
gested as a causal factor driving the exotic annual in-
vasion of shrublands in parts of southern California
(Allen et al. 1999). While it is apparent that enhanced
soil nutrients favor establishment of many invasive an-
nuals, there is no evidence that this can happen in the
absence of physical disturbance. Studies purporting to
show direct effects of pollution on the native-to-inva-
sive balance (e.g., Westman 1979) have not adequately
documented past history of disturbance, including fire
frequency and grazing history (Haidinger and Keeley
1993).

Other Ecosystems

Fire-enhanced niche construction has been impli-
cated in the success of the exotic annual cheatgrass
(Bromus tectorum) in the Great Basin (Whisenant
1990, Billings 1994, Knick and Rotenberry 1997) and
alien perennial grasses in Hawaii (Hughes et al. 1991).
Reversing the type-conversion induced by grasses in
these systems is considered to be a significant conser-
vation issue (D’Antonio 2000).

The Mediterranean Basin presents an interesting
contrast. Increased fire frequency has long been used
as a technique for converting woody plant communi-
ties to more open herbaceous associations suitable for
grazing animals (Naveh 1975, Naveh and Kutiel 1986,
Trabaud 1990, Pantis and Mardiris 1992). Although
the change involves a similar alteration in functional
types, the Mediterranean region differs in that the col-
onizing grasses and forbs are almost entirely natives
(Noy-Meir et al. 1989, Dafni and Heller 1990, Peco et
al. 1998, Vilá et al. 2001). During the latter part of the
20th century, abandonment of pastures has resulted in
widespread shrub recolonization of grasslands, with
subsequent loss of significant native annual biodiver-
sity. This is perhaps a more significant conservation
threat than the anthropogenic type-conversion of na-
tive shrublands that occurred long ago (Naveh 1998,
Verdú et al. 2000).

Indirect Fire Effects

Some fire management activities may indirectly
affect invasive species establishment and spread. For
example, the U.S. Forest Service and local agencies
have long conducted post-fire rehabilitation programs.
These include, among other practices, the seeding of
exotic species on recently burned sites for the primary
purpose of reducing soil erosion (Beyers et al. 1998).
Early during the last century, this involved seeding of
some species that today are widespread noxious weeds
(e.g., Brassica nigra or the very similar Hirschfeldia
incana). Based on complaints from farmers and sci-
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entific studies (e.g., Went et al. 1952), the noxious
character of some of these species was recognized and
their use discontinued. However, this early assistance
in establishment has had profound influence in terms
of their widespread establishment. Persistent seed
banks of some of these fire-stimulated species (e.g.,
Brassica nigra and Hirschfeldia incana) are quite per-
sistent and continue to reestablish after wildfires (J.E.
Keeley, unpublished data). Today, local, state, and fed-
eral agencies still practice post-fire seeding, despite ev-
idence that it is of limited value (Beyers et al. 1998,
Keeley 1998). Two of the more important plant selec-
tions are exotic annual grasses Italian ryegrass (Lolium
multiflorum) and Zorro fescue (Vulpia myuros). Al-
though these species seem to be short-lived in chap-
arral (Beyers et al. 1998, Keeley 2000), they readily
colonize other habitats (Bossard et al. 2000).

Pre-burn fuel manipulation is an important man-
agement tool for reducing fire hazard in shrublands,
but potentially can influence the spread of alien plants.
Fuel breaks are bands of 100–200 m wide where most
woody fuels are removed. They are of questionable
value in preventing the spread of fire under severe fire
weather conditions, but they do provide firefighter ac-
cess to fires ignited under moderate conditions (Keeley
and Fotheringham in press). However, fuel breaks pre-
sent an important alien invasion threat to shrublands
and forests. Removal of the native shrubs and trees
invariably results in the establishment of nonnative an-
nual grasses and forbs (Giessow and Zedler 1997).
Fuel breaks commonly cut a swath across otherwise
undisturbed landscapes and thus act as invasive cor-
ridors, bringing seed sources into close association
with otherwise pristine areas. Shrublands far removed
from invasive seed sources normally recover from pe-
riodic fires and regain ground before invasives can
take hold of the site. Part of this resiliency is due to
the limited alien seed bank on most wildland sites.
Fuel breaks not only maintain sizeable seed sources of
invasion but, because of the reduced fuels within the
fuel break, the seeds of most alien species survive
fires, whereas their survival in the adjacent shrubland
or forest would be doubtful due to higher temperatures
during fire (Figure 8).

There are strategies to reduce these impacts and
yet still provide effective fire protection. For example,
associating fuel breaks with roadways would minimize
the total landscape impact because roads share many
of the same negative landscape features with fuel
breaks.

FIRE MANAGEMENT IN THE CONTROL
OF INVASIVES

Prescription burning has been used in attempts to
restore alien-dominated systems to their native com-
position and has also been used in the targeted control
of particular noxious species. In the case of the former,
the goal is to shift the balance of native to nonnative
species. In the latter case, the primary goal is to elim-
inate a nonnative species; however, there is no neces-

sary expectation that the native to nonnative balance
will be altered.

Community Restoration

Grasslands

On sites where a native bunchgrass is present, re-
moving disturbances, such as grazing, will result in
some increase, although the native grasses never en-
tirely displace the nonnative annuals (Bartolome and
Gemmill 1981, Keeley 1990, Heady et al. 1992).
Grasslands with populations of native bunchgrasses,
such as Nassella pulchra, N. cernua, Poa secunda,
Koeleria macrantha, Danthonia californica, or Des-
champsia caespitosa, have been the target of restora-
tion projects aimed at reducing the nonnative annual
grasses and enhancing the populations of native grass-
es through the use of prescription burning. Both the
annual life history and the perennial bunchgrass habit
are highly resilient to natural wildfires, which is per-
haps not too surprising in that worldwide grasslands
have had a long association with natural fires (Sauer
1975). In California, natural fires occur during summer
and fall when both annuals and herbaceous perennials
are dormant. Under the fuel loads of typical grass-
lands, seeds of annuals and basal buds of perennials
survive to regenerate the following spring.

One strategy for altering the balance between non-
native annuals and perennials is the introduction of fire
early during the spring, prior to seed release (Menke
1992, Wills 2000). Fires at this time will destroy much
of the current seed crop for both annuals and peren-
nials, but the resprouting ability of the latter makes it
more resilient to burning at this time—most herba-
ceous perennials are obligate post-fire resprouters
(Keeley 1991). One concern with this late-spring burn
strategy is that there may be negative impacts on na-
tive annuals. This is a significant concern because the
native grasslands of central and southern California
historically had a rich diversity of native annuals (Kee-
ley 1990). Under repeated application of spring burns
there should also be concern for the potential selection
for greater seed dormancy in the alien annuals.

Season of burning does not affect the invasive-to-
native composition in the central and northern coastal
prairies, perhaps because the important invasives are
perennial grasses. In these coastal prairies protection
from grazing seems to be a more important factor in
shifting the balance from exotics to natives (Elliot and
Wehausen 1974, Hatch et al. 1999).

Today 99% of the grasslands in California are
dominated by nonnative annuals and most grasslands
completely lack any presence of native bunchgrass
(Huenneke 1989). On these sites, burning alone will
not restore native bunchgrasses (Parsons and Stohlgren
1989, Klinger and Messer 1999), due in part to the
weak colonizing ability and poor seedling establish-
ment by native grasses (Dyer et al. 1996). Repeated
burning of alien-dominated grasslands has the poten-
tial for altering the species composition but usually
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Fig. 10. Cheatgrass invasion in Ponderosa pine forest of Kings
Canyon National Park following prescription burning (National
Park Service photo).

fails to generate large shifts in the native : nonnative
species ratio.

Some grasslands such as those in the southern San
Joaquin Valley probably never had a significant peren-
nial bunchgrass component (Wester 1981, Hamilton
1997, Schiffman 2000). In these very arid ecosystems,
late spring fires appear to be effective at increasing
diversity and cover of native annuals, although alien
grasses and forbs still dominate after such treatment
(Meyer and Schiffman 1999).

Shrublands

Fire is not recommended as a restoration tool in
California shrublands. Chaparral in particular is rela-
tively immune to alien invasions (Knops et al. 1995,
Stromberg and Griffin 1996, Allen 1999), unless sub-
jected to unnaturally high fire frequencies (Keeley
1995). As a consequence, little resource benefit is to
be gained by the use of prescription burning in shrub-
land habitat. Degraded shrublands, with a sparse shrub
canopy and dense populations of nonnative grasses
and forbs in the spaces between shrubs are increasing-
ly commonplace in the foothills surrounding metro-
politan areas in the state. These are most commonly
the result of repeated accidental burning that has elim-
inated obligate seeding shrubs, and prescription burn-
ing only exacerbates the situation. Here the primary
fire management practice that is needed for plant com-
munity restoration is increased fire prevention and en-
hanced fire suppression (Keeley and Fotheringham in
press).

Forests

On the other hand, coniferous forests have a need
for restoration fires after a century of near-total fire
exclusion (Skinner and Chang 1996, Keifer 1998, Ste-
phenson 1999, Keeley and Stephenson 2000). Fire res-
toration, however, is a double-edged sword as burning
will promote alien species establishment (e.g., Figure
3). For example, fire management at Sequoia-Kings
Canyon National Parks has halted the prescription
burning program in the Cedar Grove section because
it appears to have promoted a vigorous invasion of
cheatgrass (Figure 10; T. Caprio, Sequoia-Kings Can-
yon National Parks, personal communication). Ulti-
mately, fire managers in these parks and elsewhere will
need to balance prescription fire with techniques for
reducing alien invasion. Managing fires for lower in-
tensity might reduce the potential for alien invasion
(e.g., Figure 3), but this has the negative impact of
inhibiting seedling recruitment of gap-dependent spe-
cies, such as ponderosa pine (Pinus ponderosa) and
giant sequoia (Sequoiadendron giganteum; Stephenson
et al. 1991). A management technique that might in-
hibit alien invasion into high fire-intensity gaps would
be elimination of exotic seed sources from roadsides
and other disturbances adjacent to burn sites. Also, in-
creasing size of burns may reduce invasion by increas-
ing the distance from alien seed sources to the bulk of
the burn (e.g., Turner et al. 1997).

Targeting Noxious Nonnatives

Particularly in grasslands there are a number of
alien plants that have been targeted for removal by use
of prescription burning. In general, using fire to target
a single species commonly results in the replacement
of 1 alien with another. Reasons why this tradeoff is
acceptable include: (1) The targeted alien is a recent
introduction and there is a reasonable expectation that
extirpation is possible at an early stage of invasion. (2)
The target species constitutes a different functional
type that is considered more undesirable than the sur-
rounding alien flora (DiTomaso 2000). For example,
yellow starthistle (Centaurea solstitialis) is a wide-
spread weed in western North America and when it
infests a grassland it reduces the forage available for
livestock and wildlife, as well as making the site less
user-friendly (Thomsen et al. 1997). Other species
have likewise been implicated in altering forage value,
both as physical (e.g., gorse [Ulex europaeus], bull
thistle [Cirsium vulgare]) and chemical repellants
(e.g., leafy spurge [Euphorbia esula]; Bossard et al.
2000).

The efficacy of burning to control noxious species
has not been well studied. Repeated prescription burn-
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ing during summer has shown promise for reducing
the level of infestation of yellow starthistle, although
native bunchgrasses were unaffected and alien annual
grasses increased (DiTomaso et al. 1999). This burning
regime did increase diversity and cover of native forbs,
although it was thought this was due more to the re-
duction in surface litter from burning than due to re-
moval of yellow starthistle. Nonetheless, aliens still
dominated the sites, a pattern seen in other studies
(Meyer and Schiffman 1999).

Fennel (Foeniculum vulgare) is another species
that has been targeted for removal, apparently because
it is capable of dominating sites to the exclusion of
other species, both native and nonnative. Prescription
burning has shown promise for reducing this species,
but replacement is generally with other alien species
(Colvin and Gliessman 1999).

Another reason for targeting a particular alien is
when there is evidence they may upset ecosystem pro-
cesses (e.g., Robles and Chapin 1995). For example,
in coniferous forests, bull thistle threatens ponderosa
pine seedling recruitment (Randall and Rejmánek
1993). It is doubtful that prescription burning would
be effective at inhibiting this exotic without decimat-
ing the ponderosa pine seedlings at the same time.

Nonnative legume shrubs known as brooms (Cy-
tisus scoparius and Genista monspesulanus) are often
targeted for removal, in part because they type-convert
grasslands to shrublands and are associated with low
native biodiversity. These shrubs seldom invade intact
shrublands, but they readily colonize open woodlands
and grasslands. As discussed earlier, many of these
sites originally were closed-canopy shrublands or
woodlands that have been opened up through repeated
burning, grazing and logging, and when those distur-
bances are reduced, these sites become vulnerable to
recolonization by nonnative shrubs such as brooms.
Techniques for removing these invasives include re-
peated burning before seedlings that were recruited af-
ter the last fire have had time to mature (Swezy and
Odion 1998). This technique is capable of significantly
reducing cover and seed banks of brooms, but invari-
ably this technique replaces brooms with exotic an-
nuals (C. D’Antonio, University of California-Berke-
ley, personal communication).

Prospects for Managing Aliens with Fire

Long-term goals of many resource managers in
Mediterranean-climate California center on the resto-
ration of perturbed ecosystems currently dominated by
nonnative species. In the case of annual grasslands,
particularly on slopes with shallow soils, this is often
the result of type-conversion from the natural shrub-
land or woodland vegetation that once occupied the
site. Restoration requires serious thought to type-con-
verting these grasslands back to their original ligneous
vegetation. The primary management strategy should
be one that begins with reducing the incidence of an-
thropogenic fire. Failure to do so will doom such sites
to perpetual domination by nonnative species. In some
instances merely removing disturbance factors, such as

fire and grazing, is sufficient to return grasslands to
their original woody associations (McBride 1974, Saf-
ford 1995).

On more level terrain with finer-textured soils, an-
nual grasslands have likely replaced native grasslands
(Robinson 1971, Keeley 1993, Stromberg and Griffin
1996). There is reason to be optimistic that prescrip-
tion burning during the spring may shift the balance
between native and nonnative species. In general, us-
ing fire to target nonnative species nearly always car-
ries with it the potential for inhibiting some native
component of the flora. In addition, judging from the
tenacity of species of Avena and Bromus, which have
dominated California grasslands for nearly 200 years,
it seems doubtful aliens will ever be eliminated from
some sites, expressed in the term ‘‘new natives’’
(Heady 1977).
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